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The 46^j* compound nucleus, as populated by the fusion-evaporation 
reaction ^^Al + ^^F at the bombarding energy of 144 MeV, has been in- 
vestigated by charged particle spectroscopy using the multidetector array 
ICARE at the VIVITRON tandem facihty of the IRcS (Strasbourg). The 
light charged particles have been measured in coincidence with evaporation 
residues. The CACARIZO code, a Monte Carlo implementation of the 
statistical-model code CASCADE, has been used to calculate the spectral 
shapes of evaporated a-particles which are compared with the experimental 
spectra. This comparison indicates the possible signature of large deforma- 
tions of the compound nucleus. 

PACS numbers: 25.70.Gh, 25.70.Jj, 25.70.Mn, 24.60.Dr 

1. Introduction 

In the recent years, there have been a number of experimental and the- 
oretical studies aimed at understanding the effects of large deformations in 
the case of light-mass nuclei. The very elongated prolate or triaxial shapes 
were deduced from the spectra of the Giant Dipole Resonance (GDR) from 
the decay of '^^Ti* [D 12] and ^^Sc* [3^. The results were consistent with 
predictions of the LSD (Lublin-Strasbourg Drop) model [^IS], in which the 
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large deformations are ascribed to the Jacobi shape transition. The large 
deformations were also indicated by the measurement of energy spectra and 
angular distributions of the light charged particles (LCP) originated from 
the decay of ^^Ti* as formed in two fusion reactions ^^O + ^^Si [7j and 
32g _^ 12q addition, a number of superdeformed bands of discrete 

7-ray transitions were discovered in selected N = Z nuclei belonging to 
this mass region (e.g. (31^]). In this paper, we focus on the measurement 
of the LCP spectra in coincidence with evaporation residues (ER) for the 
reaction ^'^Al + -^^F at a bombarding energy of Eiabi'^'^Al) = 144 MeV. In 
the following sections the experimental setup, the data analysis and the 
discussion of the preliminary results are presented. 

2. The experimental setup and experimental results 

The experiment was performed at the VIVITRON tandem facility of 
the IReS Strasbourg (France), using the multidetector array ICARE and 
a large volume (4x4) BGO detector. The ''^Ti* compound nucleus (CN) 
was populated by the ^^Al + ^^F reaction at the 144 MeV bombarding 
energy of the aluminium beam. The inverse kinematics reaction was chosen 
to increase the residual nuclei velocity in order to resolve the highest Z (the 
slowest evaporation residues) produced in the reaction. 

A fluorine target (LiF: 150 /ig/cm^ of F, 55 ^g/cm^ of Li) on a thin 
carbon backing (20 /ig/cm^) was used. The excitation energy of the ^^Ti 
nuclei was 85 MeV and the maximum angular momentum Lcru ~ 35 ?i. 

High-energy 7-rays from the GDR decay were measured using the BGO 
detector. The heavy fragments were detected in six gas-silicon telescopes 
(IC), each composed of a 4.8 cm long ionization chamber with a thin Mylar 
entrance window followed by a 500 /xm thick surface barrier silicon detector. 
The IC were located at Qiab = ±10° in three distinct reaction planes. The 
in-plane detection of coincident LCP's was done using ten triple telescopes 
(40 /um Si, 300 fim Si, 2 cm CsI(Tl)) placed at forward angles {@iab = 
±20°, ±25°, ±30°, ±35°, ±40°), eighteen two-element telescopes (40 i^m Si, 
2 cm CsI(Tl)) placed at forward and backward angles (±45° < @iab < 
±130°) with AO = 5° angular step, and finally four other IC telescopes 
located at the most backward angles (±150° < Qiab < ±165°). The 
opening angle of the detectors was ~ 3°. The IC were filled with isobutane at 
a pressure of 40.5 mbar for the forward angles and of 49.6 mbar in backward 
angles, thus allowing for simultaneous measurement of both heavy and light 
fragments. 

The energy calibrations of various telescopes of the ICARE multidetec- 
tor array were done using radioactive ^^^Th and ^^^Am a-particle sources 
in the 5-9 MeV energy range and elastic scattering of 45 MeV ^^B, 53 MeV 
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I'^O and 144 MeV ^^Al from i^'^Au target. In addition, the ^'^C{^^0,af'^Mg* 
reaction at 53 MeV was used to provide known energies of a-particles feed- 
ing the ^^Mg excited states, thus ahowing for an accurate caUbration of the 
backward angle detectors. 

Exclusive energy spectra of the a-particles emitted in the laboratory 
frame at the angles Qiah = 25°, 35°, 45° in coincidence with Z = 18, 19, 20 
measured by ionization chamber located at Qiab = 10° are shown in Fig. 1 
by the solid points. All measured spectra have the expected Maxwellian 
shape with an exponential fall-off at high energy. The dashed and solid 
lines are the results of statistical-model calculations. 



3. Statistical-model calculations and discussion 

The analysis of LCP data has been performed using CACARIZO, the 
Monte Carlo version of the statistical-model code CASCADE |llj . which 
is based on the Hauser-Feshbach formalism jl2l 1131 [Hj . The compound 
nucleus decays are followed step-by-step and evaporated LCP's and neu- 
trons are recorded in an event file. The main practical advantage of the 
code is that the effective experimental geometry (solid angle and position) 
of the ICARE detectors is taken into account in the calculation of the 
charged particle energy spectra. Therefore one can, on the event-by-event 
basis, convert the calculated energies into the laboratory frame for an easier 
comparison of the calculated and measured spectra. 

The sensitivity of various parameters for the statistical description, as 
the nuclear level densities and barrier transmission probabilities, has been 
discussed in detail in Ref. ^1]. In the calculations, the transmission coef- 
ficients Ti of all competing evaporation channels have been evaluated with 
optical model parameters for spherical nuclei ^S]. The choice of the trans- 
mission coefficients is of particular importance in the near-barrier region, 
where they define the emission probability of low-energy particles. Above 
the barrier, the kinetic energy of LCP is higher than the potential barrier 
and the choice of T/ parameterizations is less important (see Ref. |14|^. 
The high-energy part of a-particle spectra depends on the available phase 
space, which is obtained by the statistical model from the spin-dependent 
level density. The level density is calculated using the Rotating Liquid Drop 
Model (RLDM) |11| and can be changed using the deformability parame- 
ters. Larger deformations lower the yrast line, what increases the level den- 
sity at higher available excitation energy of the final nucleus after a emission, 
thus reduce a-particle energies. In the code, the yrast line is parameterized 
with deformability parameters 5i and 62'- El = h^L{L + l)/29ejj with 

■^e// — --^sphere 

(1 -I- 6iL'^ + [131, where ^eff is the effective moment 

of inertia, ^sphere = (2/5) A^^^Vq is the rigid body moment of inertia of 
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Fig. 1. Experimental (points) and calculated (lines) a-particle energy spectra for 
0(a6 = 25°, 35°, 45° in coincidence with three different ER's [Z = 18: upper row, 
Z = 19: middle row, Z = 20: bottom row) detected in IC at Oiah = 10°. The 
calculations were carried out with deformation parameters for RLDM (dashed line) 
and for very elongated prolate (solid line) shapes (see text). 



the spherical nucleus and vq is the radius parameter (set to 1.3 fm in the 
present calculations). 

For the calculations, two different deformation sets are applied with 
different yrast line shape parameterizations. Fig. 2 illustrates the yrast 
line for a spherical rigid body and the two yrast lines used in present 
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calculations: for shapes following the RLDM predictions (spherical up to 
L = 24 h and nearly spherical above) and for very elongated prolate shapes 
(<5i = 4.7x10"^, S2 = 1x10^''). The latter values of the deformability pa- 
rameters are taken from the previous studies on the ^^Ti nucleus [SI 13 El- 
The angular momentum distribution used in the statistical-model calcula- 
tion is dependent on the diffusivity parameter AL and the critical angular 
momentum for fusion Lcrit- For the final calculations the value of AL = 1 is 
used ^1 El E| and the value of Lcrit = 35 /i is deduced from the fusion 
cross section data [TB] . 



T ' 1 ' 1 ' r 




Fig. 2. The yrast lines for spherical rigid body, for shapes predicted by the RLDM 
and for very elongated prolate shapes (see text) of the ^^Ti compound nucleus. 
The assumed angular momentum distribution of the compound nucleus is shown 
on the top. 

The dashed lines in Fig. 1 show the energy spectra of o-particles pre- 
dicted by CACARIZO assuming the RLDM yrast line. It can be observed 
that average energies of a-particles measured in coincidence with all ER 
{Z = 18, 19, 20) are systematically lower than predicted. 

The solid lines in Fig. 1 illustrate the calculations of CACARIZO, which 
were obtained using the yrast line deformability parameters corresponding 
to large prolate deformations (such yrast line corresponds, on average, to the 
yrast line of a rigid body with the deformation parameter /? ~ 0.6). As can 
be seen, such parameterization results in a very good overall reproduction 
of the spectral shapes of the a-particles detected in coincidence either with 
Z = 18 or with Z = 19. 

However, the spectra associated with Z = 20 are in disagreement with 
the calculations. In order to improve the agreement, an even more deformed 
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yrast line (rather unrealistic) would be required. One should note here, that 
the condition for the a-particle and the Z = 20 residue to belong to the same 
event induces a severe narrowing of the available phase space to only the 
highest angular momenta of CN. This might suggest indeed the occurence 
of very elongated shapes around L = 30 h, as expected for the Jacobi shape 
transition, confirming the GDR results of Ref. P]- 

However, a more refined analysis, including also a consistent treatment 
of the energy spectra of the protons, the LCP angular correlations and the 
high-energy 7-ray spectra, will have to be undertaken in order to confirm 
such hypothesis. 
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